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CHRONIC POISONING BY TIN AND ITS SALTS* 


FRANK G. Peptey, M.D. 


From the Department of Industrial Hygiene, Institute of Public Health, Columbia 
University, New York City 


OISONING by tin or its salts tetrachloride in hydrochloric acid in 
is a very rare occurrence in in- the following manner: The liquid 
dustry. In fact a search of the tetrachloride is kept in a large drum, 
literature fails to reveal the report from which it is conveyed to the tank 
of a single case. The occurrence of containing the hydrochloric acid by 
a possible case, therefore, justifies means of a hose. The arrangement 
a report, but since the symptomatol- is a crude one and a great amount of 
ogy is unknown, a positive diagnosis fume is liberated during the process. 
cannot be made. To the uninitiated, the fumes are 
unbearably irritating to the nose, eyes, 
and trachea; but the patient, who has 
The case now to be reported is that been exposed every day and sometimes 
of a German man, aged 66. For twice a day for years, appears to 
twenty years the patient’s occupa- mind the fumes very little and laughs 
tion has brought him more or less in at the coughing and sneezing of the 
close contact with tin, for the most spectators. It is evident that, al- 
part with tin tetrachloride in con- though the exposure is brief (probably 
nection with the manufacture of silk. not more than ten or fifteen minutes 
or the past ten years it has been his each time), the man inspires a large 
business to mix up a solution of tin amount of the chemical, and if it is 
toxic, here is an ideal way of becoming 

“ Received for publication Oct. 27, 1926. poisoned. 
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Symptoms 


The patient has a variety of com- 
plaints which may be summarized as 
follows: 


1. A feeling of impending quinsy. 

2. A peculiar feeling of chilliness in the 
chest and not in the extremities, which oc- 
curs chiefly in the morning on rising. 

3. A feeling of ‘‘electricity”’ in the chest. 

4. Morning nausea. 

5. A feeling of heaviness in the upper 
abdomen when lying down. 

6. Wandering pains in the shoulder and 
left leg. 

7. Constipation. 

8. Slight cough. 


The pain in the throat, the heavi- 
ness in the stomach, and the feeling 
are the 
which he lays most stress. 

Ile has had these symptoms for 
nearly five years and has seen many 


of chuilliness symptoms on 


physicians and has submitted himself 
to many examinations, both physical 
and laboratory, without 
relief. His tonsils were removed but 
the feeling of quinsy still persisted. 
He has had several X-ray examina- 
tions of the chest and several barium 
the 
intestinal tract, but nothing has been 
found to account for his symptoms. 


obtaining 


meal examinations of gastro- 


Physical Findings 


Repeated physical examinations 
have shown the patient to be of good 
physique and nutrition, 


about 165 pounds, but looking notice- 


weighing 


ably pale (deseribed by one physician 
The pupils reacted to 
The teeth 
were in rather poor condition; there 


as cachectie). 
light and accommodation. 


were a few old roots but no gold 
The throat 
was clear (tonsils have been removed). 


crowns nor pyorrhea. 





The larynx on examination by laryn- 
goscope appeared to be healthy. The 
chest was negative by repeated ex- 
amination and by X-ray. The heart 
appeared to be in good physical con- 
dition as demonstrated by stethoscope 
before and after exercise, and by 
fluoroscope. The blood pressure at 
rarious times ranged from 142 90 
to 128/88. There was possibly some 
thickening of the peripheral arteries. 
The physical examination of the ab- 
domen and also the X-ray exam- 
ination following barium gave neg- 
ative findings. On rectal examination 
the prostate was possibly enlarged 
slightly (the patient urinates once 
during the night). The genitalia 
were negative. The lower extrem- 
ities showed a few old scars over 
the tibiae and a few varicose veins 
but were otherwise negative. There 
was no edema. ‘The examination 
of the nervous system showed no 
impairment of the reflexes or of sen- 
sation. 


Laboratory Findings 


Blood.—TVhree separate examinations 
of the blood gave the results shown in 
Table 1. The red blood cells were 
normal in size and shape. 

Urine-—On repeated clinical ex- 
amination the urine was practically 
negative. Hyaline casts were re- 
ported twice but no albumin, and the 
specific gravity has been good. 

On Dee. 13, 1924, traces of tin were 
reported in both the urine and the 
feces. In January, 1925, the urine 
and the feces were again reported 
positive for tin in minute amounts. 
Other urines tested to control the 


method were negative. 
On Novy. 30, 1925, a final examina- 
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tion of stool and urine was negative 
for tin. 


TABLE 1.—RESULTS OF BLOOD 
EXAMINATIONS 
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DIscuSSION 


The symptom-complex shown by 
this man might make one think of a 
neurosis and such might well be the 
diagnosis. His symptoms are not 
unlike those described by Jolles (1) 
and by Salzer (2), however, in con- 
nection with two eases of alleged tin 
poisoning. 

Jolles’ case was that of a young 
woman who had come to him com- 
planing of severe pains in the legs 
and, according to Salzer, a feeling of 
coldness. On examination she was 
found to have a neuritis of the legs 
with paralysis, anemia, albuminuria, 
and quite definite emaciation. The 
symptoms were definitely aggravated 
alter the wearing of silk stockings 
heavily impregnated with tin. The 
diagnosis of tin poisoning was made 
in this case as a result of the recovery 
' tin in appreciable amounts in the 
urine, 

Salzer’s case was even more extra- 
ordinary. His patient complained of 
chilliness, irritation or pain in the 


throat, and indefinite pains in the 
legs, arms, and head. ‘The man was 
wearing a dental plate, the matrix of 
which was two-thirds tin and one- 
third bismuth. ‘Tin was found in the 
urine, and alsoin the blood and stools. 
Approximately 5 gm. of the feces 
(dried) yielded 2.1 mg. of tin, and 13 
e.c. of blood 1.5 mg. This case did 
not improve following the removal 
of the plate, but Jolles’ patient, when 
she ceased to wear the silk stockings, 
slowly recovered. 

A third ease (3) is that of a chemist 
who inadvertently filled his pepper 
caster with putty powder (an impure 
oxide of tin). He continued to use it 
until he fell ill two months later. His 
symptoms are not reported but he 
ultimately died. 

A diligent search of the literature 
has failed to reveal any similar cases. 
It is odd that this should be so, if the 
three cases reported were really cases 
of tin poisoning, for tin is a metal 
which has a very widespread use and 
one with which we come in contact 
every day. It is no secret that a 
great number of our foods are con- 
taminated with tin to such an extent 
that large doses are quite often in- 
gested. Street (11), for example, 
examined some few years ago a num- 
ber of specimens of canned beans and 
found quantities of tin varying from 
93 mg. to 630 mg. per kilogram of 
solid portions, and from 26 to 121 
mg. per kilogram of liquid portions. 
Tin must, therefore, be a metal which 
we all ingest from time to time; if it 
is poisonous, it is strange that so 


few cases of chronic poisoning have 
been reported. 

It is true, of course, that one man 
may be poisoned where a dozen re- 
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main healthy, and perhaps the usual 
salt of tin which we ingest is not 
toxic. It is also true, however, that 
the finding of an unusual metal in the 
urine or in the feces is by no means 
indisputable evidence of poisoning by 
that metal. We know that many 
painters and other lead workers ex- 
crete lead in the urine without show- 
ing any symptoms of poisoning. The 
same is true of mercury workers and, 
no doubt, of workers with other more 
or less toxic metals, such as zine, for 
example, which is said to be quite 
constantly present in the excretions 
of many apparently normal indi- 
viduals. 


LITERATURE 


I have not attempted to review the 
literature of tin poisoning here; it is 
very considerable but not very im- 
portant. <A selected bibliography is 
appended for those interested in the 
sub ject. 

As might be expected, the advent 
of canned goods some fifty years ago 
brought forth many articles on tin 
poisoning. In some of these articles 
tin was reported as contaminating the 
food; in others it was simply assumed 
to contaminate it. The usual argu- 
ment was of the post hoc ergo propter 
the patient ate food from 
a tinned container, and fell ill; there- 
fore the case was one of tin poisoning. 
A few such articles are cited in the 
The 
rest of the bibliography is made up of 


hoc type- 


bibliography (4) (5) (6) (7%). 


articles in which a more or less serious 
attempt has been made to determine 
the toxicity of the metal. The gen- 
eral results seem to indicate that it is 
not toxie or is very slightly toxie in 


the form in which it is ordinarily 
found. 


Tin Tetrachloride 


There is no literature on the toxi- 
cology of tin tetrachloride. There was 
some thought of using it in chemical 
warfare on account of its irritating 
properties, and researches were car- 
ried on to determine its toxicity. 
The results of these researches were 
not published, so far as I know, and 
I am indebted to the courtesy of Dr. 
Ki. R. Hayhurst and the United States 
Sureau of Mines for the following 
information: 

According to the Bureau of Mines, 
8.5 parts of tin tetrachloride per 
million of air caused coughing in men. 
The fatal concentration for mice was 
found to be 1 mg. per liter for ten 
minutes’ exposure. 

My own investigations show that a 
concentration as high as 3 mg. per 
liter (reckoned as milligrams of tin 
tetrachloride) are well tolerated by 
guinea-pigs during ten minutes’ ex- 
posure. With daily exposures to this 
concentration the animals 
evidence of poisoning beyond transient 
irritation of the nose and eyes. On 
the contrary, they thrive and gain 
weight over a period of months. 


show. no 


(‘ONCLUSION 


It is not unreasonable to assume 
that an individual who is suffering 
from unusual symptoms and who 1s 
excreting an unusual metal in the 
urine is being poisoned by that metal. 
Sut in the case of tin, which is such 
a common metal and one which we al! 
ingest nearly every day, it does not 
seem reasonable to attribute poisonous 


3. 5. 
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properties to it when only three cases 


of 


alleged chronic poisoning can be 


discovered in the literature. 


— 


10, 


_ JOLLES, 


_ Sep@wick, L. W.: 


. CAMPBELL, W. A.: 


. Misx, E.: 


. SCHRYVER, S. B.: 


Until other cases are added to the 
list, a verdict of ‘Snot proven’ must 
be given. 
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MANGANESE: THE FAILURE OF iTS ORAL ADMINISTRATION TO 
AFFECT THE HEALTH OF BIRDS* 


W. F. 


VON OETTINGEN AND TORALD SOLLMANN 


From the Departm: nl of Pharmacology of the School of Medicine, Western Re erve 
University, Clevetand, Ohio 


Hh 


Manganese 


eontinued inhalation of 
dust in the = in- 
hestvlon vanduese mnaviced aad 
austries produces mareea am 
persistent nervous symptoms pointing 
The 


deseribed by 


to central degenerative lesions. 


phenomena are well 
Alice IIamilton (1) and by Gayle (2). 
These authors also cite the literature. 
Attempts to produce similar phenom- 
ena in animals have been unsuccess- 
ful, practically with the sole exception 
of the experiments of Mella (3) with 
which intraperi- 


toneal injections of manganese chlo- 


monkeys received 


ride during eighteen months. Long- 
eontinued oral and _ parenteral 
administration of manganese com- 
pounds to other mammals have 


produced either no effect or hepatic 
cirrhosis and fatty degeneration of 
the heart and kidneys (Reiman and 
Minot (4), Findlay (5), 
Schulz, 


and Handov- 
(6)). 
Handovsky and his collaborators ob- 


sky, and Staemmler 
served acute paralysis promptly after 
the injeetion of large doses, but this 


Is presumably a different phenome- 


non from the chronic poisoning. 
lindlay states that some of his 
animals that died after six to ten 


weeks showed rigidity of the limbs 
for some days before death; but this 


*Receeived for Dp ibliestion § pt. 24, 


1926. 


differs so much from the predominance 
of the symptoms in the 
clinical cases that the identity of the 
phenomena doubtful. ‘The 
visceral 


nervous 


appears 
oecurrence of 
shows that 

the nervous symptoms was not du 


the effects 


the general absence of 


Leim: n 
and Minot showed directly the pres- 
the 
blood for a short time after feeding 


to nonabsorption; moreover, 


ence of manganese in systemic 
manganese ore, although with ora! 
administration a large part of the 
manganese is intercepted by the 
liver and excreted by the bile. 

The virtual failure to produce the 
typical clinical phenomena in_ the 
ordinary animals made it advisable 
to attempt this on birds. Experience 
with experimental lead poisoning has 
shown that birds afford special ad- 
vantages for chronic metallic intoxi- 
cation, in that the grinding in the 
gizzard favors the solution of the 
metal; and that disturbances of hea!th 
are promptly manifested by loss oi 
body weight and by anemia. Birds 
also readily show nervous phenomena, 
as illustrated by rice 
lead poisoning, although these are 
not of the central type of the clinica! 
manganese complex. 


disease and 


I;xperiments on feeding manganes 
to pigeons, reported by Hanzlik anc 
Presho (7), without 


were cecisiv' 


J. i. 


Feb., 19- 
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results. However, their method of large piece of manganese (0.15 to 0.5 
administration, as a single dose, was gm.) placed in the gizzard.’ This 
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ds ing, because, unlike lead, manganese producing chronic poisoning by a 
1a, (issolves readily in gastric juice (4), single dose; therefore, when no effects 
nd 


nd therefore disappears in a short were observed in forty-eight days 
re ‘ime from the alimentary tract. This after a single piece of 0.5 to 1.5 gm. 
‘have confirmed by X-ray examina- 

ions which showed that no metal 1We are indebted to Prof. T. W. Todd 
mained when birds were examined of the Department of Ana 


tomy for these 
‘wo and three days after having a X-ray pictures. 
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was given, we resorted to continued 
administration, pushing the pieces of 
the metal (0.15 to 0.2 gm. for pigeons; 
0.5 gm. for roosters) into the crop or 
the esophagus every third day, over a 
period of forty-five days. lor the 
three pigeons used, the single dose of 
manganese averaged about 0.45 to 
0.6 gm. per kilogram, the total dosage 
in the forty-five days 6.7 to 8.9 gm. 
per kilogram; for the two roosters, 
the single dose averaged 0.25 gm. per 


kilogram, the total dose 3.7 gm. per 


kulogram. 

The curves of the weights and the 
biood counts are shown in Figures 1 
and 2. The first arrow denotes the 
single massive dose; the second arrow, 
the beginning of the continued ad- 
ministration, which lasts to the end 
of the curve. It will be seen that 
there was no effect on either the 
weight or the blood count; nor did 
the animals show any nervous or 
other symptoms, although the ob- 


servations were made for fourteen 
weeks, counting from the beginning of 
the three-day administration. It did 
not, therefore, seem worth while to 
continue the experiments. 

The failure to produce in experi- 
mental animals the clinical symptoms 
observed in human beings might be 
due either to the fact that the human 
subjects were especially susceptible, 
or to the differences in the method of 
absorption, since the clinical cases 
invariably involved inhalation of man- 
ganese dust. The question might 
perhaps be answered by exposing 
experimental animals under similar 
conditions in the factories in which 
manganese poisoning is important. 
We lack, however, the opportunity to 
put this suggestion to the test. 


CONCLUSION 
The oral administration of large 


doses of metallic manganese to birds 
failed to produce any toxic effects. 
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THE VENTILATION AND HEATING OF FACTORIES* 


H. M. Vernon, M.D., anp T. Beprorp, B.Sc. 


Investigators for the Industrial Fatigue Research Board, London 


ASSISTED BY 
C. G. WARNER 


INTRODUCTION 


UESTIONS relating to the 
ventilation and heating of 
factories have been the sub- 

ject of a large amount of investigation 
in the past, but general unanimity as 
to the best methods is very far from 
being reached. For instance,there is 
a sharp conflict of opinion concern- 
ing the relative merits of natural and 
of artificial methods of ventilation, 
and the difficulty of the problem is 
increased by the fact that a given 
system which is found suitable for 
one country is not necessarily appli- 
cable to another country where the 
atmospheric conditions are different. 
Nevertheless it is possible to make 
aliowances for the atmospheric condi- 
tions, and any careful investigation 
factory heating and ventilation, 
whatever its country of origin, may 
yield information of general utility. 
the investigation to be described 
was made by us in England, where 
‘he atmospheric conditions are usually 
milder than in America, as the air 
emperature does not fall below 20°F., 
or rise above S8O0°F., on more than 
three or four days a year, while 


« 


‘temperatures below 10° or above 80° 


are practically unknown. In_ the 


course of our investigation, which 


Received for publication Sept. 22, 1926. 


ol 


lasted two years, we visited a large 
number of the most up-to-date fac- 
tories known to us, and we made 
systematic observations, both in sum- 
mer and in winter, at twelve of them. 
The factories tested were used for the 
manufacture of boots and shoes, tin 
‘anisters, machinery, polishes, and 
other articles. 


NATURAL SYSTEMS OF VENTILATION, 
WITH OCCASIONAL ARTIFICIAL 
IEXTRACTION 


It- would be generally agreed that a 
natural system of ventilation is prefer- 
able to an artificial one if it can be so 
constructed as to yield the degree of 
air movement desired, not only on 
most days of the year, but on all days, 
whether the outside air be dead calm 
or blowing a gale. In a large work- 
room, however, it is practically 
impossible to secure adequate ventila- 
tion at all times by means of windows 
and skylights alone, and an extraction 
system must be added. If this takes 
the form of several openings in the 
roof, fitted with cowls or louvers, 
these openings often pull against one 
another, and currents of heavy cold 
air may pass down one or more of 
them, while currents of ight warm air 
rise through the others. In any ease, 
the extraction so effected may be quite 
inadequate for a large and crowded 








a ————OO -- 











52 THE JOURNAL OF INDUSTRIAL HYGIENE 


workroom. Hence it is very desirable 
that extraction should be assisted 
by artificial means. At one large 
factory (boot and shoe), where there 
was a specially good system of natural 
ventilation combined with optional 
artificial ventilation, we spent some 
months in making a thorough survey. 
The faetory had four floors, each 
main workroom being 280 feet by 
45 feet in area, and 113 feet high. 
The sides of the faetory consisted 
almost entirely of windows, and, in 
addition, the top floor had skylights 
looking due north. ‘The exhaust ven- 
tilation was effected through four 
large trunks in the middle line of the 
building. In each trunk were four 
separate flues, one from each floor, 
which opened to louvers on the roof. 
They also connected with a large 
centrifugal fan on the roof, and 
either artificial or natural extraction 
could be employed at will. Outlet 
gratings from the workrooms to the 
exhaust flues were fixed at floor level, 
and 10 feet above it. The extraction 
system was found to be almost with- 
out influence in the summer, for 8 
to 20 changes of air per hour were 
effected by the window ventilation 
alone. In the winter, however, when 
nearly all the windows were closed, 
the artificial extraction raised the 
number of air changes from 2.4 to 6 
per hour. Ixtraction by natural 
means was ineffectual as it removed 
only a tenth as much air as extraction 
hy fan, and sometimes the air currents 
in the flues were reversed. 

The heating systems associated with 
natural ventilation systems almost 
always take the form of pipes or 
radiators, which are supplied with 
hot water or steam. At the factory 


in question there was an elaborate low 
pressure hot water system, which 
supplied radiators fixed near the 
floor, under the windows. From them 
convection currents of warm air con- 
stanily ascended in winter time. 
‘The usual method of vusming the 
fresh air entering from the outside 
was by means of ‘Tobin tubes. These 
tubes, 2 feet in width and 8 feet in 
height, were connected both with 
the air outside and with the workroom 
itself by dampers at floor level. They 
contained hot water radiators which, 
warmed the entering air, but in col 
winter weather it was usual to close 
all the outside dampers, so that the 
air was sucked from the room. 
Though several other factories 
visited by us were heated by radiators, 
& pipe system was more frequent, 
and this almost always took the form 
of overhead steam pipes. ‘These pipes 
were generally about 8 feet above 
floor level. We have no doubt that 
systems of heating by overhead steam 
pipes are radically wrong, for the 
larger portion of their heat ascends 
to the roof and is wasted, while only 
a sinall portion reaches the workers 
below, and even then it reaches their 
heads rather than their feet. Over- 
head steam pipes are undoubtedly 
of great value in checking down drafts 
of cold air from skylights. Hence, 
in any workroom lighted by sky- 
lights it is desirable to have some 
overhead pipes, but they should be 
few in number, and should be placed 
for the specific purpose of checking 
down drafts, and not for the main 
heating scheme of the workroom. 
Perhaps even better than placing 
the hot water pipes or radiators 
near the floor level of a workroom 


J. I. H. 
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would be to place them under the 
door, and heat the whole of the floor 
material. The feet would then be 
kept pleasantly warm, while fresh 
air at a lower temperature could be 
admitted at head level. We have 
not heard of any factories heated on 
this system, except for one workroom 
which is deseribed subsequently, but 
it has been used successfully in other 
buildings, e.g., the new Cathedral 
Liverpool. 


\iecHANICAL SYSTEMS OF VENTILA- 
TION AND HEATING 


uring the last twenty years or so 

the tendency has been more and 
re to ventilate by mechanical 
ems rather than by natural ones, 
ihe mechanical systems are more 
uly kept under control. More- 
over, In extremely cold weather, 
th as oecurs more frequently in 
rica than in England, it is very 
iesivable to warm the fresh incoming 
and this can be done more easily 
a mechanical system than by a 
ural one. The mechanical sys- 
s of ventilation employed in Eng- 
i are usually of the plenum type, 
are combined with heating, for 
vinter time large volumes of hot 
are driven into the workrooms 
through duets and gratings. Asso- 
ciated with the plenum ventilation 
there is generally a good deal of 
window ventilation; in facet, we found 
iat in some instances the ventilation 
s effected almost entirely by means 
windows, the volume of hot air 
ippled being insufficient to produce 
re than a small change of air, 
though it was adequate for heating 
irposes. ‘The plenum air is usually 
conveyed by overhead trunks, and 


| 


~ 


discharged above the heads of the 
workers. At one factory we investl- 
gated seven workrooms, and we found 
that in winter time air at a tempera- 
ture of 120° to 140°F. was discharged 
from the ducts with a velocity of 
1,600 to 3,000 feet per minute. When 
the fan was turned on, it raised the 
velocity of the air currents in the 
rooms from 25 feet per minute to 
30 feet; in another factory it raised 
the velocity from 32 feet to 36 feet. 
The volume of air driven into the 


rooms effected 1 to 6 changes per 


hour, apart from the changes pro- 
duced by window ventilation. ‘he 
ducts of the plenum trunks in these 
factories were 9 to 13 feet above floor 
level, but at some of the factories 
investigated by us the ducts were con- 
tinued vertically downward to within 
13 to 2 feet of the floor. ‘The air dis- 
charged by them against the floor some- 
times created noticeable air currents, 
and at one factory, where the ducts 
were 9 inches in diameter, the workmen 
standing in their neighborhood fre- 
quently complained of drafts about 
the feet. Also, the air currents raised 
dust from the floor to a distance of 
12 feet from the inlets, and so it is 
evident that this system of air dis- 
charge at floor level is unsuitable for 
factories where dusty processes are 
earried on. At another factory, how- 
ever, where the ducts were only 3 to 
6 inches in diameter, there were no 
complaints by the operatives. 

At one factory (boot and shoe), we 
investigated a rigid system of me- 
chanical ventilation. None of the 
windows could be opened, and the 
whole of the air was supplied by a 10- 
foot propeller fan in the basement. of 
the building. This drove air—which 
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was warmed in winter by passing it 
through a battery of steam pipes— 
through shafts which connected with 
ten inlets in each workroom (252 
by 52 feet in size). Each inlet was 
7 feet by 1? feet in area, and was 
situated in the middle line of the 
room, 6 feet above the floor. ‘The air 
passing in was deflected horizontally 
across the room, and it escaped to 
other shafts by means of ten outlets, 
of the same size as the inlets. These 
were likewise situated in the middle 
line of the rooms, but were at floor 
level. ‘lhe system provided 8 changes 
per hour, but the air in the rooms 
often smelt stale. It caused ob- 
jectionable drafts in many parts of 
the workrooms, and the workers 
often stopped up the ventilators, 
though this deprived them of the 
warm alr. 


‘TEMPERATURE GRADIENTS 


[It is obvious that, if the source of 
heat in a room ts 9 feet or more above 
the floor, the temperature of the air 
at the head level of the workers will 
tend to be higher than at foot level; 
whereas, if the heating is on or near 
the floor, the difference of tempera- 
ture at head and foot levels will be 
less. In order to determine the actual 
extent of the temperature differences 
induced by various systems of heating, 
we made systematic investigations, 
not only at foot level (6 inches above 
the floor) and head level (4 feet, 6 
inches, or what is roughly the mean 
between the level of sitting and stand- 
ing workers), but at still higher levels 
in most of the factories visited. In 
a room at one factory the hot air 
eould be driven at will through a set 
of plenum ducts fixed 6 inches above 





floor level, or through another set 
fixed 95 feet above the floor. It will 
be seen from Figure 1 that when the 
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former set of ducts was in operation, 
the temperature at floor level was 
only 2°. lower than that at the 
95-foot level (curve A), but when the 
other set of ducts was turned on in 
addition, the temperature difference 
was nearly 10° (curve B). The tem- 
perature gradient is easily influenced 
by such a change of conditions as thie 
opening of windows, and the dotted 
lines in Figure 1 show the results oi 
observations made on another day 
when only the upper ducts were 
functioning. With all the windows 
shut a gradient of 11.6° was observed 
(curve C), but when the windows on 
one side of the room were opened, the 
gradient was only 4.2° (curve D). 
The means of thousands of obser- 
vations made in various factories 3! 
foot level and at head level are re 
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eorded in Table 1. It will be seen 


that workrooms heated by overhead 


hot air. The amount of energy 
wasted by overheating the upper 


TABLE 1.—SHOWING THE INFLUENCE OF THE SYSTEM OF HEATING ON THE 





TEMPERATURE GRADIENT IN FACTORIES VISITED 





SYSTEM OF HEATING 


Overhead steam pipes...... 
( ‘ 
113 ft. above floor 


| 
| 9 ft. above floor 
Plenum <¢ , . a é ; 
|or radiators, 5-Sft. above floor 


\discharging at floor......... 
Both floor and overhead 
Beneath floor 


steam pipes gave the worst result, 
and at outdoor temperatures of 40° 
to 49° the temperature at foot level 
was 4.2° lower than at head level, 
while at 30° to 39° it would probably 
have been more than 5° lower. With 
plenum systems the temperature gradi- 
ent varied according to the height 
of the duets above floor level, and 
when the ducts discharged the air on 
to the floor, the temperature at foot 
level was only 1.8° below that at 
head level. In one workroom the 
source of heat was below the floor, as 
it eame from the boilerhouse under- 
neath, and here the foot level tempera- 
ture was only 0.9° lower than at 
head level. Hence there can be no 
doubt that the lower the position of 
the heating system, the less the tem- 
perature gradient. Steam pipes are 
specially bad because their tempera- 
ture is usually much higher than 
that of plenum air, and so they heat 
the surrounding air more, and cause 
more rapid upward movements of 
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strata of air in factories must be 
enormous. In addition, the wasted 
heat often indicates positive dis- 
comfort to the workers from cold 
feet, for a high temperature gradient 
above the heads of the workers is 
always accompanied by a rapid fall of 
temperature between head. level and 
floor level. 


CooLING POWER OF THE AIR 


The effects of the various systems 
of heating and ventilation on the 
cooling power of the air, as estimated 
by means of the dry kata-thermom- 
eter, were determined systematically 
both in summer and in winter. We 
obtained fairly complete series of 
data in twenty workrooms, and in 
Table 2 these data (head level ob- 
servations) are averaged. [Irom the 
observations made in the best ven- 
tilated factories we concluded that it 
is possible, under most conditions, 
to attain the results shown in the 
lower half of the table, and we see 
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that the ideal cooling powers sug- 
gested, for light industrial work, 


TABLE 2.—THE MEAN COOLING POWE 


‘cooling power 


Actual 


‘temperature (°l°.) 
observations 


ivelocity (it. per min.) 
Practicable | 
ideals 


ivelocity ({t. per min.)........ 


range from 7 in cold winter weather 
hot vhile 
velocity ranges from about 
LOO 


to 6 in summer weather, 
the air 
30 feet per minute in winter to 
feet in hot summer weather. 

it should be remembered that the 
ted cooling 


sugges powers apply to 
The 


Hough- 


IEneland end not to America. 
" . , =} ’ 
observations of yagiou (i 


ten, and others (cf. (1)) on the comfort 
and on effective 
the 


preferred Q 


ZONE temperature 


show numerous subjects 


examined temperature 
a that 


comfortable by I-english sublects. 


quite 5° higher th: considered 
One 
fact to 
Americans being aeclimatized to hotter 
that exper- 
ieneced by English people, while in 
heat their 
buildings more than the English do, 


of us (2) attributed this 


summer weather than 


winter time Americans 


anil are therefore acclimatized to a 
higher winter temperature. How- 
ever, the American subjects of 
experiment appear to have been mostly 
sedentery incividuals such as. office 


| ' 
WOFAKCrs, G@ha not 


fretory operatives 
as ours were, and this may account 
the difference. In 


ease, the principle of : 


for part oft 


any 


shghtly grad- 


R OF THE AIR IN TY 


CURRIE PIII on ekkciacavesaciens 
‘temperature (°F .)........... 


uated cooling power at different sea- 
sons of the year is the same, though 


VENTY WORKROOMS 





OUTDOOR TEMPERATURE (°F.) 
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70° or 
more 


40° T | 40°—49° 50°-59° 60°-69° 
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61.6 62.0 65.6 67.9 74.6 
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further experience may show that, 
owing to the higher temperatures 
preferred in America, the most suit- 
able cooling power may be about 6 
in winter and 5 in summer. 

in th 
by us had 


the air 
factories investigated 


Qn an 


average, 


humidity 
60 per cent. 


relative corresponding to 
saturation, both in winter 
and in summer. 

In order to ascertain the adequacy 
ventilation at 
factory, and the extent to which it 
can be 


of the heating and 


having 
recourse to structural alterations, 1 


remedied without 
is necessary to determine systemati- 
‘ally not only the cooling power 0! 
the air (with its 
velocity components), 
ventilation 
which it 


temperature and 
but also the 
area, and the extent to 
is utilized. We noted thi 
number and size of the windows anc 
the extent to which they could be 
opened, and also the other openings 
such as louvers in the roof, loading 
doors, ete., and we calculated the 
ventilation area in terms of square 
feet per 100 square feet of floor area 
We found that the twenty workrooms 
investigated had a _ ventilation 


area 
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varying from 0.7 to 14.8 square feet 
per 100 square feet of floor area, the 
average being 5.5 square feet. Of 
this area, the following amounts 
were kept open, on an average, at 
yarious outdoor temperatures: 


Outdoor Temp. Window Area Open 


I, wh 
SRE ee Een Poe? eee ee 4 
ee rr a rene 10 
BP rare a ok be oe ERS code 34 
NS a iain ein alee le oe y athe aha ee ale Sha D3 
Sc, Ee es Oe ee i ae eee er 7 


VARIABILITY OF THE AIR CURRENTS 


[t is often maintained that the air 
in plenum ventilated workrooms feels 
more stagnant and oppressive than 
that in naturally ventilated rooms. 
In order to investigate the validity of 
this hypothesis, we made observa- 
tions on air movement in a large 
number of rooms, with and without 
the fan running. The investigators 
first noted down the sensation of air 
movement experienced, according to 
(he scheme described in Tuts Jour- 
NAL (2). The cooling power was next 
ascertained, and this was followed by 
determinations of the variability in 
the velocity and temperature of the 
air currents. In order to measure 
the variability, special apparatus was 
designed by one of us, in conjunction 
with J. J. Manley (3). The air 
movement was tested by means of a 
hot-wire anemometer, which  con- 
sisted of a “detector”? composed of 
‘hree thin platinum wires fixed in 
ihree planes at right angles, and 
supported on an ebonite ring so as 
‘o catch air currents moving in all 


directions. The wires were heated 


(0 about 130°C. by the current from 


‘mn aecumulator, and they formed 


~/ 
~l 


one arm of a Wheatstone bridge, the 
other arms of which were composed of 
Eureka wire (which has no tempera- 
ture coefficient). One of these 
resistances was adjustable, whereby 
the resistance of the hot wire could 
be balanced. Connected with the 
bridge was a Paul unipivot deadbeat 
galvanometer, and a shunt. The gal- 
vanometer was read at intervals of 
two and one-half seconds, synchronous 
with the ticks of a metronome. ‘The 
apparatus was calibrated by placing 
the detector in a small wind tunnel. 

The oscillations in the temperature 
of the air were measured by means of 
a thermopile consisting of twenty 
junctions of iron and_ nickel wire. 
These junctions were hammered out 
very thin, and the wires were fixed in a 
boxwood ring so that they might catch 
air currents from all directions. ‘The 
ring could be pushed down so as to 
fit tightly in an annular trough, 
which prevented access of air to 
the lower junctions. ‘The thermopile 
was connected with a second gal- 
vanometer similar to that above 
mentioned, and this was read by a 
second observer synchrenously with 
the other instrument. 

The kind of result obtained with 
these instruments is indicated in 
Figure 2. In the first pair of records 
(a), the oscillations of air velocity 
and temperature are somewhat larger 
than the average. It will be seen 
that they usually synchronize, rise 
and fall of velocity (due chiefly to 
drafts of cool air from open windows) 
being accompanied by fall and rise of 
temperature. In (6) the oscillations 
are smaller than usual, and do not 
synchronize. 

Some hundreds of observations were 


t | 
| 
} 
} 
i 





| 
| 
i 
} 














58 THE 


made under various atmospheric 
conditions, and the results obtained 
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was drawn from observations in six 
workrooms at a canister factory, 
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TIME IN MINUTES 
lia, 2.—Osceillations in the velocity and temperature of the air in factories. 
(>). We found that the sensation of girls in each room, or 809 altogether, 


air movement experienced increased 


to a moderate extent with inerease in 


the oscillations of air velocity, but no 


clear proof was obtained that oscilla- 


tions of temperature inereased the 


sensation. Rather 


(o our surprise, we 
found that the oscillations of velocity 
and were no 


temperature greater in 


factories ventilated by natural systems 
than in those ventilated by mechanical 


systems, but the natural ventilation 


systems did cause a subjective sensa- 
rather 
did the plenum systems. 
At the same time they 
slightly 


tion of more freshness in the 


air than 
kept the air 
more humic. 

INFLUENCE OF VENTILATION 
HEATING ON HEALTH 


AND 


The real significance of various 
systems of ventilation and heating 
must be sought in their influence 


on the health and the 
workers who have to experience them. 
The reliable we 


were able to obtain on the subject 


efficiency of 


most information 


and that a 
direction 


and we were able to obtain 
records of the time lost from sickness, 
as distinet that lost by other 
causes, for a period of two years. 
‘able 3 it will be seen that on 
an average the amount of time lost in 
the different rooms varied from 1.47 
to 2.05 per cent. of working time. 
The time appeared to depend mor 
especially on the temperature of the 
alr, the 
temperature 
in winter and 68°F. in 


king 


regula 
from 


irom ‘| 


for it wes nearly same in 
rooms a to d, which had a 
of about 62°r. 
summer. ‘Ta the mean loss ol 
time in these rooms as a standard, 
we found that which was 
7° colder than the average in winter, 
the 
eXCCSS, which was 
at all warmer than 
the average, 1t showed a 32 per cent. 
excess. Hence it appears. that 

medium temperature is best for health, 
departure 


tends to 


in room e, 
sickness showed a 21 per cent. 
while in room f, 
times about 7° 


from it in either 


° } 
cause imncreasea 


4 ’ 
SICKNeSS. 
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The New York State Commission 
6). in its investigation of the health 


overhead plenum system, we obtained 
evidence which seemed to point to 


TABLE 3.—TIME LOST BY SICKNESS AMONG 809 WOMEN EMPLOYED AT A 
CANISTER FACTORY 
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| | 
MEAN WORKROOM TEM- MEAN AIR | MEAN COOLING 
| PERATURE | VELOCITY POWER TIME LOST 
WORKROOM | | —— ——_————_—_—_————_——- BY 
| 7 ’ — | Sum- ‘ Sum- | SICKNESS 
Winter Summer | Winter! ° wat Winter | Sum | 
| | omer mer 
| | tC 
of oR fil. per fi ‘ pe rT Oy 
: | ' | min. |; min. | | | ies 
a | 59.8] 66. 2) 40 47 7.9 6.6 | 1.47) 
h 663.0 61.7 | 67.2 68.5 32 37 6.8 6.0. | 1.51\, 55 
’ 9 ( 6 (and py | ~ oO~ oO ) BP ¢ ( : o 
Cc | 61.3 41.7] 25 38 6.8 5.2 1.60) 
.< at > es | ‘ ‘ ) - ~ 
d | 62.5) 68.7) 21 28 6.3 5.5 1.64) 
é 54.3 69.9 27 Oss 8.5 6.0 1.88 
| 67.1 77.9 35 33 6.0 o.€ 2.05 
Mean...... 61.3 69.6 30 395 7.0 5.5 1.69 


-<¢-hoolchildren in America, came to 
he conelusion that the children who 
‘tended schools with window venti- 

“1 elassrooms kept at a tempera- 
ture of about 59°F. suffered from 
respiratory diseases to about the 
same extent as the children in window 
entilated rooms kept at 66.5°; but 
children in fan ventilated rooms at 

showed a considerable excess, for 
70 per cent. more suffered from colds, 
ete., while 18 per cent. more were 
bsent. Henee these results agree 
with ours in indieating the evil effect 
of too high a temperature; though 
quite apart from any question of 
temperature, it may be that mechani- 
cal systems of ventilation are less 
healthful than natural ones. The 
Commission even states that ‘“‘the 
voidanee of overheating is the pri- 
mary essential,’ while ‘‘air change, 
(ireetion of flow, and all other factors 
are secondary.” 
in another factory which, like the 
canister factory, was ventilated by an 





ventilation as the chief factor in- 
fluencing the heaith of the workers. 
In two of the rooms the girls employed 
vere engaged on exactly the same 
occupation of tying up small packages, 
and yet their sickness rate was very 
different. During a two-year period 
the average lost time was 3.73 per 
cent. and 2.44 per cent. respectively. 
The cooling power of the room with 
the lower sickness rate was rather 
ereater than the average, while that 
in the other room was distinctly less, 
almost entirely because of the low air 
velocity. This averaged only 15 feet 
per minute in winter and 27 feet in 
summer, while in the healthier room 
it was 34 feet and 40 feet respectively. 


(CONCLUSIONS 


In the heating of factories it is 
important that the source of heat 
should be as near floor level as possible, 
in order to reduce the temperature 


gradient toa minimum. ‘Thereby the 
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feet of the workers are kept relatively factories excellently by means of 

warm, and their heads relatively windows, coupled with the occasiona| 

cool, while there is an enormous sav-_ use of artificial extraction. 

ing of heat. The health of the workers reacts 
In England-—with its mild cli- considerably to moderate changes of 

mate it is possible to ventilate large factory temperature and ventilation, 





BIBLIOGRAPHY 


1. Yaauou, ©. P.: The Thermal Index of WarNeER, C. G.: The Influence 

| Atmospheric Conditions and its Appli- Cooling Power and of Variability of 

cation to Sedentary and to Industrial Air Currents on Sensations of Air 
Life. Tris Jour., 1926, 8, 5. Movement. /bid., p. 31. 


2. Vernon, H. M.: Is Effective Tempera- 
ture or Cooling Power the Better Index 
of Comfort? Jbid., p. 392. 

3. VerRNON, H. M., anD MANLEY, J. J.: The 
Measurement of Variationsin the Veloc- 
ity and Temperature of Air Currents. 
Med. Res. Council, Special Rep. 


5. VerNoN, H. M., BeEprorp, T., Anp . 
Warner, C.G.: A Physiological Study 

of the Ventilation and Heating in 
Certain Factories. Indust. Fatigue 
Res. Board, Rep. No. 35. London, 

H. M. Stationery Office, 1926. 


e 


Series No. 100, p. 9. London, H. M. 5. Report of the New York State Commis- 
Stationery Office, 1926. sion on Ventilation. New York, bk. P. 
4. Vernon, H. M., Beprorp, T., AND Dutton & Co., 1923, p. 525. 
J. ] 














SUMMARY OF THE NATIONAL SAFETY COUNCIL STUDY OF 
BENZOL POISONING* 
C.-E. A. Winstow, Dr.P.H. 


Professor of Public Health, Yale School of Medicine; 
Chairman, Committee on Benzol of the National Safety Counct! 


INTRODUCTION 


; HE Committee on Benzol! was 
| organized as a result of a 
discussion of the hazard in- 
volved in the use of the solvent in 
question which was presented at the 
1922 National Safety Congress held 
in Detroit. The work of the Com- 
nittee was made possible through 
appropriation of £5,000 hy the 
ional Bureau of Casualty and 
irety Underwriters; through the 
ienment by the Surgeon-General 
the United States Public Health 
ervice of Dr. Leonard Greenburg 
to work on the problem for almost 
whole year; through the loaning of 
ofessional personnel for shorter pe- 
by the Massachusetts State 
id of Labor and [ndustries (Mr. 
ohn R. Dexter) and by the Hood 
Kubber Company (Dr. J. N. Shirley) ; 
and through assistance or materials 
‘urnished by the Aetna Life Insur- 
ince Company, by Dr. N. B. Herman 
of Johns Hopkins University, by the 
Yale School of Medicine, and by the 
‘eirton Steel Company. 


“Presented at the Fifteenth Annual 
~ulety Congress of the National Safety 
Council at Detroit, Oct. 28, 1926. Re- 
ved for publication Oct. 30, 1926. 

(.-lc. A. Winslow, Chairman, Leonard 
reenburg, Vice-Chairman, W. 8. Paine, 
‘retary, H. Bradshaw, J. W. S. Brady, 
©. Fieldner, C. F. Horan, L. E. Weber, 
iJ. M. Weiss. 


~ 


Progress reports of the Committee 
were presented at the Buffalo Safety 
Congress in 1923, the Louisville Safety 
Congress in 1924, and the Cleveland 
Safety Congress in 1925. ‘The final 
report of the Committee was published 
in May, 1926, as a pamphlet of 128 
pages for the Chemical and Rubber 
Sections of the National Safety Coun- 
ceil by the National Bureau of Casualty 
and Surety Underwriters. 

Before considering in detail the 
‘conclusions of the Committee it seems 
desirable to bring out two points in 
regard to its activities which seem 
to the writer to be of somewhat more 
than passing significance. 

The first point which may be noted 
is that we have here a somewhat 
exhaustive study of an industrial 
poisonous hazard which hes been 
conducted primarily by and for an 
organization representing industry it- 
self. It is true that the United States 
Public Health Service, the Massachu- 
setts State Board of Labor and 
Industries, and the universities have 
generously co-operated in the task. 
Yet the initiative for the whole 
study has come from the National 
Safety Council, a group of industrial- 
ists federated for the safety of the 
worker on the ground that the human 
element is a primary factor in pro- 
duction; and the fact that this body 


| 
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with its long and splendid record of 
achievement in accident prevention 
should have now definitely entered 
the alhed field of industrial poisoning 
is cause for profound satisfaction. 
In Europe the whole program. of 
industrial hygiene is essentially a 
governmental one. In the United 
States, on the other hand, a major 
part of what has been accomplished 
for industrial safety and = sanitation 
has been accomplished by the initiative 
of broad-minded employers of labor. 
This benzol study is a new demonstra- 
tion of the readiness of industrial 
leaders to learn the facts and then to 
apply all available knowledge to the 
promotion of health and efficiency. 

Next, I would call your attention 
to what L believe to be a seeond 
somewhat notable facet about this 
investigation—-the method by which 
it was conducted. Nearly all previous 
work on industrial poisons has been 
of what may be termed a qualitative 
type. Lt has dealt with a relatively 
small number of instances of poisoning 
which have come, one by one, to the 
notice of physicians, and such cases, 
from the nature of the situation, 
have been as a rule of a more or less 
aggravated type. In this benzol study 
there has been for the first time a 
conscious and definite effort to pick 
out a representative group of appar- 
ently normal workers in a given 
industry and to make a quantitative 
study of: 

a. Mechanical conditions affecting 
a possible poison hazard; 

hb. Analytie data indicating the de- 
gree of atmospheric pollution by the 
poison in question; and 

c. Physical findings including deli- 
eate chemical, microscopic, and 


physiologic tests suitable for the 
detection of latent and incipien; 
damage to the human body such as 
threatens the subsequent developmen} 
of active clinical disease. 

Since this benzol study was made. 
two other investigations in this coun- 
try have been conducted along 
essentially similar lines—the work of 
the United States Publie Healt) 
Service on tetraethyl lead, and _ the 
work on spray coating by the Pennsy)- 
vania State Bureau of Labor and by 
the Committee on Spray Coating o 
the National Safety Council. Thes 
three studies, all involving the prin- 
ciples outlined above, seem to the 
writer to embody a relatively new 
and highly promising contribution 
to the technic of industrial hygiene 

With these preliminary remarks we 
may proceed to a summary of the 
main conclusions reached by _ the 
Committee on Benzol; the body oi 
supporting evidence must be sought 
in the full report of the Committee 
itself, 


Chemistry of Benzol 


Benzol or benzene (CyH¢) is 
colorless liquid, boiling at about 80°C., 
obtained from the distillation of coal 
tar and from the strippings of coke 
oven gas. It is highly insoluble | 
water, slightly soluble in alcoho 
and completely miscible with ether. 
acetic acid, carbon disulphide, anc 
a large number of organic substances 


r) 
Li 
} 
| 


2 The usual figure given in the textbooks 
is 80.2°; but it may be noted that a samp! 
of very pure benzol analyzed for the Com- 
mittee showed that 70 per cent. of the ma- 
terial came off between 79.5 and 79.9°. ‘Th 
International Critical Tables prepared ) 
the National Research Council give 79.0 . 
which is undoubtedly correct. 
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There are many substances commer- 
cially known as “‘benzol,’’ some of 
which contain benzene, while others 
do not. All of them are, of course, 
to 6©be)6sharply§ 6 distinguished from 
henzine which is a petroleum product 
4 mixture of CyH,, and C;Hyj¢). 

Benzol was discovered by Faraday 
in 1825 in the liquid produced by the 
compression of illuminating gas ob- 
tained from certain oils. In 1865 
Kekulé announced its — structural 
formula. Mansfield studied its 
commercial production from coal tar 
in 1849, and twenty years later Caro 
Clemen and Engelhorn patented a 
process for its recovery from illumi- 
nating gas. Only, however, with the 
work of Carves, of von Hiissener, 
and of Brunck on the production of 
henzol from coke oven gas, between 
isSt and 1887, did this substance 
come to play a really important 
part in industry. 


Industrial Uses of Benzol 


The commercial uses of benzol 
crew gradually and_= steadily from 
iS90 to 1915; but the development of 
venzol production during the war in 
connection with the manufacture of 
explosives led to an increase in the 
manufacture of benzol which has in 
turn opened the way for a_ rapid 
»roadening of the field for the com- 
mercial uses of this substance. 

[In considering the practical problem 
ol the use of benzol in industry it is 
unportant to remember that two 
very distinct types of processes are 
involved. In such industries as (a) 
‘the distillation of coal and coal tar in 
‘he production of benzol, (b) the 
lending of motor fuels, and (c) the 
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chemical industries, including oil ex- 
traction, dye and dye intermediates, 
manufacture of paints, varnishes, and 
stains, and of paint and varnish 
removers, benzol is used in large 
quantities, but the very nature of the 
industry demands that it be kept in 
a closed pipe line system, any open- 
ings representing a loss of valuable 
vapors, and making the system an 
inefficient one with a correspondingly 
large financial loss. 

In a second group of processes 
represented by the use of benzol (a) 
in the rubber industry, () in artificial 
leather manufacture, (c) In sanitary 
ean manufacture, (d) in dry cleaning, 
and (e) in connection with the handling 
of paints, varnishes, and stains, ben- 
zol is employed chiefly as a solvent 
or a vehicle, and as a part of the 
process it must be removed so as to 
leave the originally dissolved sub- 
stances in place. The method of 
removal of the benzol is usually to 
permit it to evaporate; in most cases 
this is done in the cold, in some cases, 
however, the compound may _ be 
warmed-——a procedure which natur- 
ally removes the benzol with greater 
rapidity. 


Benzol Poisoning 


As in the case of many other toxic 
substances used in industry, benzol 
poisoning exhibits itself in two quite 
distinct forms, acute and _ chronic, 
according as exposure is brief and 
intense on the one hand or moderate 
and prolonged on the other. 

Acute.—Oceasional instances — of 
acute benzol poisoning may be found 
in medical literature extending back 
to 1862. In our review of the litera- 
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ture for both Europe and America 
we have obtained a record of over 100 
eases of acute benzol poisoning, of 
which about one-half were fatal (ex- 
cluding a series of Russian 
complicated by hysteria). 


Cases 


Acute benzol poisoning generally 
either 
(a) by the sudden discharge of vapors 


occurs in one of two ways: 


through the failure to regulate a 


condensing apparatus or through the 
oecurrence of a leak In piping in the 
vieinity of stills and other forms of 


chemueal ay the 


entrance ot 


yparatus; or (b) by 


workmen into tanks or 


other confined spaces in which benzol 
has been stored or used. 


ri] ; , , c\? . 4 5? ‘ 4 sy eey? 
ine common symptoms or acute 


henzol poisoning are: (a) dizziness, 


faintness, and drowsiness, culminating 
In unconsciousness and coma; (0) 
pallor of the faee and evanosis (blue- 


of the lips and finger tips; (¢) 
id) breath- 


lessness and a feeling of tightness in 


ness 


feeble and rapid pulse; 


the chest, sometimes culminating in 


immediate death from respiratory 


paralysis; (e) visual disturbances, with 
nervous excitation, tremors, and con- 
and mania or 
the 


j Pr } : } t e j 4 ‘ 
skin and internal surfaces due to small 


‘ las , ' , 
ulsions, more rarely 


delirrum; =(f) reddish spots on 


hemorrhages in the tissues; 


where the substance has been 


and (g) 
taken 
In by the mouth, symptoms of acute 
eastro-Intestinal irritation. 
Death within 
minutes after exposure or the patient 


may occur five 
may apparently recover and succumb 
several days later. There appear to 
be marked individual variations in 
susceptibility to benzol; and the effects 
of a given atmospheric condition 
may probably be increased by vigor- 


ous muscular exertion, as suggested 





by the fact that a man first rendered 
unconscious by the inhalation of 
benzol vapors may often recover 
while those overcome while engage 
in rescuing him may die. 

The treatment of acute benzo! 
poisoning involves, first of all, prompy 
restoration of the respiratory function 
by artificial respiration. 





Chronic.— Chronic benzol poisoning. 
resulting from continuous or repeated 
exposure to benzol fumes in concen- 
trations too low to produce marked 
nareotie effects 1s, of course, a condi- 
tion much more obscure, and much 
more likely to be overlooked, than 
It is particularly 
likely to occur in the second group of 


is acute poisoning. 
industries alluded to above, in whic! 
benzol is used as a solvent and to : 
less extent 


greater or evaporated 


into the air of the workroom. Chronic 
benzol poisoning was first deseribed 
in workers in 
a rubber factory in Uppsala, 
first the United 
States by Selling in 1910, as occurring 


hy Santesson, in 1897, 
and 


was reported in 


in the coating room of a tin can 
plant. 


‘The more commonly observed symp- 


toms of chronic benzol poisoning 


may he summarized as follows: (a 

. a i 
general systemic disturbance as evl- 
denced by headache, dizziness, weak- 
ness, loss of appetite, and loss ol 
weight; (b) pallor, shown by blood 
examination to be due to true anemia; 
(c) marked reduction in white blood 


cells (revealed — of only by 


microscopic examination); (d) bleed- 


COUrSe 


ing from nose, gums, vagina, and 
bowels, with the development o! 


purplish spots caused by small hemor- 


rhages within the tissues; (e) sore and 


spongy gums, and hurning of eyes 


: a oe 
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and throat; (f) shortness of breath 
and tightness of chest; (g) sometimes, 
abdominal pains, nausea, and vomit- 
‘ne: (h) sometimes, slight tremors, 
visual disturbances, and abnormal 
sensitiveness to touch; rarely, con- 
vulsions and delirium; (7) rarely, 
rashes and skin eruptions. 

Detection of chronic benzol poison- 
‘ng in its early stages, with prompt 
removal from exposure, generally leads 
to complete recovery. If the case of 
‘hroniec poisoning be a severe one, 
iowever, certain of these symptoms 
may persist for a long time after 
exposure has ceased; and nearly one 
in five of the cases reported in the 
literature has ended fatally. 


Toxic Action of Benzol 


Benzol introduced into the body 
which in practice ordinarily occurs 
as a result of the inhalation of its 
fumes) exerts three more or _ less 
distinct major effects on the body. 
lt plays the part of an anesthetic or 
narcotic leading to dizziness, faint- 
ness, and coma. It is at the same 
‘ime, however, a nerve irritant pro- 
ducing characteristic spasmodic move- 
ments, and actual damage to nerve 
‘issue. Coma and death may also 
result from this neurotoxie action as 
well as from the narcotic action of 
venzol. Above all, however, this sub- 
stance possesses a definite and specific 


jestruetive power for the blood cells 


ind for those organs which produce 


these cells. Herein lies its most 
universal and most characteristic 


‘fteet. 


i'ffect on Blood Celis—At first 
‘here may be a slight increase in 
white blood cells but this is really 


due to a destruction of the white 
cells in the circulating blood, over- 
balanced by the compensatory pro- 
duction of more white cells by the 
blood forming organs (the lymph 
nodes, spleen, and bone marrow). 
‘This condition is exceedingly transient, 
however. Very shortly the blood 
forming organs themselves are in- 
jured, particularly in respect to their 
power to produce the special kinds 
of white cells known as polymorpho- 
nuclear leukocytes and lympho- 
eytes. The total white cell count 
falls rapidly, producing the condition 
known as leukopenia. The tissues 
which produce the red cells of the 
blood are less readily affected and a 
normal or increased red cell count 
may persist for some time, parallel 
with a great decrease in white cells. 
Ultimately, however, the blood form- 
ing organs are so seriously damaged 
that the number of red cells, too, 
falls off, producing a pronounced 
anemia. 

A decrease in the white cells of 
the blood is therefore the first indica- 
tion of early chronic benzol poisoning, 
and the effect is so familiar that ben- 
zol has been used _ therapeutically 
for the treatment of diseases char- 
acterized by an excessive concentration 
of white blood cells. Our studies 
indicate that a fall from a normal 
value of 7,500 to 9,000 white cells 
per cubic millimeter of blood to 5,600 
or less may be taken as a fair index 
of the presence of this disease. Of 
course, conditions other than benzol 
poisoning may cause leukopenia, but 
with a history of exposure to benzol 
and in the absence of symptoms of 
certain acute communicable diseases 
or of certain other industrial intoxi- 


ee 
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cations which may be associated 
with leukopenia, the diagnosis may 
be made on this with rea- 
sonable accuracy. This reduction in 
white cell count generally precedes 
any other symptoms of benzol poison- 
ing and may therefore exist In persons 
who would be considered normal by 
the ordinary clinical tests. 

The leuko- 
penia is emphasized by the obser- 


basis 


seriousness of benzol 
vations made by a number of investi- 
gators that resistance to pneumonia 
and other bacterial infections is greatly 
reduced by such a condition. 


POISONING IN 
AMERICAN INDUSTRY 


EXTENT OF BENZOL 


In order to gain some idea of the 
extent of the benzol hazard in Ameri- 
can industry we sent out a question- 
naire in 1923 to a group of 324 in- 
dustrial which, from 
the nature of their products, might 
be expected Of these 

140 rephed; and, of 


140, eighty-four were found to 


establishments 


to use benzol. 
establishments, 
the 
be making use of this substance in 
greater or less amount. The largest 
amounts of benzol were apparently 
used in the 
the can seal industry, in the rubber 
industries, and in the manufacture of 
artificial leather, but in the chemical 
trades the material is generally used 


chemical industries, in 


in enclosed processes and the number 
of employees exposed is small. 

l'rom the results of this question- 
naire and from our subsequent field 
1924 we collected a 
list of fifteen fatal and eighty-three 
nonfatal cases of 


studies made in 


poisoning 
occurring during the years immediately 
Out 


benzol 


preceding. of twenty-three es- 


tablishments in which ten or more 


persons were exposed to benzol, eleven, 
or nearly half, reported cases of 
poisoning, while of six plants in 
which fifty or more employees were 
exposed, all but one had had cases 
of poisoning. 

During the last year of our work 
we made no attempt to extend this 
survey of the extent of the benzo! 
hazard; but at least seven fatalities 
from this cause were brought to our 
attention during the first nine months 
of 1925; and during the five years 
ending June, 1925, there were in the 


state of Ohio, alone, twenty-nine 
cases of benzol poisoning, so ol- 


vious as to receive the benefits of 
industrial compensation. 

It is therefore clear that the hazard 
of benzol poisoning in American in- 
dustry is a serious one and consti- 
tutes one of the major problems ot 


industrial hygiene. 


FIELD STUDY 
Conditions in Industries Employing 
Benzol.—In 
actual 
under 


order to 
the benzol 
industrial 


determine the 
extent of hazard 
various conditions, 
we selected, after a preliminary sur- 
vey of establishments, 
eighteen workrooms in twelve different 
plants for further intensive study. 
Most of these were rubber factories 
of various sorts, but dry cleaning, 
sanitary can manufacture, and artl- 
ficial leather manufacture were also 
included. 

The workrooms were studied from 
an engineering standpoint, with re- 


industria 


gard to the conditions under which 
the benzol was used and particularly 
the type of exhaust ventilation pro- 
vided; analyses of the air were made 
under both summer and winter condl- 
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‘ions, in order to determine the extent 
of the resulting contamination of the 
atmosphere. For air analysis, we 
used the charcoal absorption method 
which gave us, not benzol alone, but 
ihe total content of solvent vapors. 
or convenience, however, the results 
have been expressed in terms of 
enzol. Whether other solvent vapors 
were actually present or not is. of 
course indicated in each instance. 
With small amounts of benzol in 
use and with no ventilation, or with 
general ventilation only (which our 
studies indicate is wholly inadequate 
to cope with the henzol problem), 
we found average concentrations of 
100 to 1,369 parts of benzol per 
million parts of air. With large 
amounts of benzol in use, under 
similar conditions, we found average 
values from 340 to 1,800 parts per 
million. On the other hand, in plants 
using large amounts of benzol but 
with enclosed systems of local exhaust 
ventilation, we found averages only 
between 70 and 500 parts per million. 
The plant which had the most efficient 
systems of local exhaust gave us 
average values lying between 70 
parts In summer and 90 parts in 
winter. 

lt appears from this study that 
some of the workrooms investigated 
at times approached the concentra- 
‘ions of benzol which have been found 
‘oO cause acute poisoning (Lehmann 
states that 0.015 gm. per liter, or 


4,700 parts per million,? may _ pro- 


1 


duce econfusion in half an hour, 
and we found 2,640 parts in one 


The faetor (313) for eonverting milli- 
‘rams per liter of benzene into parts per 
lion is taken from U. 8S. Bur. Mines, 
ch. Paper 248, Table 8, p. 52. 


—-< 
~J 


individual analysis in a compound 
mixing room and 4,140 parts in a 
dry cleaning establishment). live of 
the eighteen rooms gave average 
figures above the value of 550 parts 
which Legge found associated with 
clinical poisoning. On the other 
hand, with efficient local exhaust 
ventilation, and careful management 
of all details of the processes involved, 
it seems sometimes possible to use 
benzol in coating and mixing rooms, 
and in sanitary can manufacture, 
with an atmospheric pollution amount- 
ing to less than 100 parts of solvent 
vapors per million parts of air. Our 
next siep was to determine whether 
this degree of protection was. suffi- 
cient to avoid danger to health. 


Eatent of arly Benzol Poisoning 


Results of Clinical Tests and Blood 
Kxaminavions.—The erux of our prob- 
lem was the examination of workers 
exposed to benzol under various 1n- 
dustrial conditions, using the white 
blood cell count as our index of early 
benzol poisoning. We were ultimately 
able to make tests of this kind on 
eighty-one workers in the eighteen 
workrooms discussed above (see Table 
1); and we found that twenty-six 
of the persons examined, or 32 per 
cent., showed clear evidence of blood 
cell destruction, as indicated by a 
white count below 5,500 (or in one 
instance a borderline white count of 
5,800 with a very low red cell count). 
In seventeen instances the white 
count was below 5,000, in ten in- 
stances below 4,000, and in three 
instances below 3,000. In only ten 
instances, however, was the red cell 
count below 4,000,000. Control ex- 


| 





am 


A 
anne 











OS 


amination of some fifty workers not 
exposed to benzol failed to show any 
such abnormal blood pictures. 


TABLE 1.- 
PO’ 
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The results of these blood examina- 
tions are distinctly disconcerting. 
Not only did about one-third of the 


SUMMARY OF BLOOD FINDINGS IN EIGHTY-ONE WORKERS 








‘-ENTIALLY EXPOSED TO BENZOL 
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BENZOL | BLOOD FINDINGS 
IN AIR | 
LOCAL a 
GROUP ROOM | VENTI- | oe 
| LA Nia | a1": _ N her 
| LATION | Sum-| Win- | Exam- Num o 
| | | Positive 
| | mer | ter ined (26 
(81) , 
| p.p.m.|p. p.m. 
Small amount of benzol used | 1I0B} —- | 100 9 2 
No local ventilation T-A 60 } = — 150 l 0 
Low benzol content in air 27 A | — 110 2 l 
| | 
Small amount of benzol used 277B) - a 2 0) 
No local ventilation I-B 59 ~ 150) 210 | i) 
° ° ° | ‘ 5 P : 
High benzol content in air } 61 A — 130) 210; 12 6 
61B i; - 1,360) 580 
} 
Large amount of benzol used 7S A | + 70) — 90 | 0 0 
Local ventilation »T I-A 150 A | - 90 1 l 
Low benzol content in air 79 B + 100, 3 
Large amount of benzol used 9] + 180, 400 | 5 ()! 
Local ventilation [1I-B 50 B eee ore 430 | 3 l 
High benzol content in air 50 A 4- — 500 | 4 
vo A - 13 330 10 
Large amount of benzol used 7B ~ 340 ] 0) 
No local ventilation lil 23 - | 6 2 
High benzol content in air 83 — 620 ) 6 
95 - 1, S00 o yp 
| Three clinical cases, one fatal since tests were made. 
In only nine cases out of the twenty- eighty-one workers exhibit clear evl- 


six was it possible to obtain a fairly 
complete medical examination; and 
of these nine, five gave a history more 
or less clearly suggestive of chronic 
henzol poisoning 
more of such symptoms as headache, 


dizziness, pallor, loss of appetite, 


digestive disturbance, spongy gums, 
and nosebleed). 


(including two or 


i? 
4 ‘ 


dence of early benzol poisoning, |) 
what is still more serious, the evidence 
of poisoning was clear even with good 
and 
pheric contamination. 


exhaust ventilation low atmos- 


In the group 


of workrooms using large amounts 0! 


benzol without loeal ventilation, ten 

out of nineteen workers gave 

positive picture; in the group 0! 
1 
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rooms where only small amounts of 
enzol were used without local venti- 
lation, eleven out of thirty-six workers 
were positive. In the group using 
large amounts of benzol but with 
local exhaust ventilation, only five 
out of twenty-six workers were posi- 
‘ive. Thus, loeal exhaust ventilation 
sis reduced the proportion of workers 
er affected from nearly one-half to less 
‘han one-fifth; but even one-fifth 
emains a pretty high figure. Un- 
fortunately we were unable (after 
repeated efforts) to make blood ex- 
aminations in the can factory coating 
room which gave the best analytic 
results; but in a coating room with 
local ventilation, showing only 90 


parts of benzol in the air in summer, 
the single worker exposed proved 
positive; and in a mixing room In an 
artificial leather factory, with only 
00 parts of benzol in the air in 
summer, one out of three men proved 
positive. 

\Ve are forced to conclude that the 
control of the benzol hazard (except 
where the substance is used in com- 
pletely closed systems) is exceedingly 
difficult; that, in practice, systems of 

haust ventilation capable of keep- 
ng the concentration of benzol in 
ihe atmosphere below 100 parts per 
million are extremely rare; and that, 

Os even when this is accomplished, there 
| remains a decreased, but substantial, 


} 


nazard of benzol poisoning. 


Ns- Hecommendations in Regard to the Use 


up of Benzol 


In Enclosed Systems.—As has al- 
ready been pointed out, benzol is 
ised in industry under two more or 


ess distinet sets of conditions. In 





the manufacture of benzol from coal 
and coal tar, in the blending of 
motor fuels, and in the chemical 
industries, the solvent is necessarily 
handled in closed containers and 
pipe systems. Here, chronic poison- 
ing is unlikely to occur and the chief 
hazard arises from acute poisoning 
due to carelessness in the cleaning of 
tanks, breaks in the apparatus, and 
similar accidents. 

With regard to this type of process, 
it seems certain that with proper 
care in construction, maintenance, 
and operation the use of benzol can 
be made sufficiently safe to warrant 
its employment. It is true that 
fatal accidents have occurred, and 
will no doubt continue to occur, in 
these processes, just as such accidents 
occur, and will continue to occur, 
from the use of steam boilers. The 
danger is, however, in both instances 
a controllable one to be met by 
‘areful attention to safety provisions 
and not by the abandonment of the 
use of the substance or of the device 
in question. 

The chief measures of protection 
which should be enforced in industries 
of this type are: 

a. Regular and systematic inspec- 
tion of apparatus to insure against 
breaks or accidental leakage. 

b. The greatest possible care in 
freeing tanks or other receptacles 
which have contained benzol from 
all traces of the substance before 
they are entered for cleansing or 
repairing. 

ce. The protection of workers enter- 
ing enclosed spaces liable to contain 
benzol fumes by the use of positive 
pressure air helmets or hose masks; 
and the conduct of all such work by 
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teams of two or more men who are 

familiar with the dangers involved. 
As a Solvent- 

dustry, in 


In the rubber in- 
artificial leather manu- 
facture, in sanitary can manufacture, 
in dry cleaning, and in the use of 
paints and varnishes, benzol is em- 
ployed as a solvent or vehicle under 
conditions which, almost of necessity, 
permit more or less evaporation of 
the solvent into the atmosphere. 
Here, there is relatively little danger 
of acute benzol poisoning, but very 
great danger of chronic poisoning, 
arising from prolonged or repeated 
exposure to the fumes. 

In order to minimize such hazards 
as far as possible, there are two 
general types of precautions which 
should be taken, tending respectively 
to decrease the degree of exposure 
and to detect and control incipient 
poisoning in its earliest possible stages. 

1. ‘lo diminish exposure, enclosed 
processes should of course be used 
wherever possible and, whenever con- 


tainers are cleaned or apparatus re- 


paired, the special precautions 
discussed in the preceding section 
dealing with enclosed systems and 


the danger of acute poisoning should 
he observed. Wherever employees 
are likely in the course of their work 
to be exposed to benzol fumes, as 
in the ordinary solvent and evapora- 
tive handling the 
products of such processes, they should 


be protected by the most 


processes or In 


effective 
ventilation designed 


the 


local exhaust 


according to following general 
principles: 

a. Where benzol is evaporated at 
room temperatures, air removal by 
down 


is recommended, although in 


local exhaust ventilation with 


draft 





certain enclosed processes direct ven- 
tilation (from the enclosure) 
upward draft may be indicated. 
b. Where localized heat is applied 
in the evaporation of the benzol, 
hoods or enclosures should be pro- 
vided with up draft local exhaust. 
This draft should be sufficiently in- 
tensive and applied so closely to the 
point of origin of the evaporating 
benzol as to insure the complete 
removal of all of the benzol before 
the heated surface is removed from 
the hood or enclosure. This recom- 
mendation deals with specific proc- 
esses where sufficient upward air 
movement is created by the heated 
surface to overcome the 
density of the benzol vapor. 
Masks and respirators should not 
be relied upon to protect the worker 
against ordinary routine exposure to 
benzol fumes, since such devices 
eannot be made efficient without at 
the same time making them too 
uncomfortable to be worn continuously, 
2. ‘To detect incipient benzol poison- 
ing at a stage when its effects can be 
minimized, it seems essential to the 
Committee that all workers to be 
employed in processes where exposure 
to the fumes of this solvent is involved 
should be given a thorough medical 
examination before employment and 
should be reexamined, with systematic 
blood counts, once a month thereafter. 
In addition to this routine reexamina- 
tion, absence from work should he 
promptly followed up by some person 
conversant with the symptoms 0! 
benzol poisoning; and the employees 
themselves should be made familia! 


With 


natural 


with the symptoms which are most 
likely to oceur. 
No worker 


should be employed 


J.1.H 
Feb., 192 
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‘a benzol process who shows 
sjgns of: 

& Organie disease of heart, lungs, 
or kidneys. 

|. Hemorrhagic tendencies. 

e. Anemia or any unusual blood 
nicture. 
| Any worker who, on reexamination, 
shows any of the following symptoms 
should be promptly excluded from 
henzol exposure and transferred to 
some other department of the industry: 

a. Hemorrhages from the mucous 
membranes of the nose, mouth, or 
other organs. 

l. Decrease of more than the fol- 
lowing amount from the employee’s 
normal blood picture (normal condi- 
tions will be obtained from previous 
examinations of the individual em- 
ployee): white cells, decrease of 25 
per cent.; but in no ease should an 
employee* with a white cell count of 
less than 5,000 be continued in ben- 
201 processes; red cells, decrease of 25 
ner cent. ; hemoglobin, below 70 per cent. 


LABORATORY STUDY 


lif 


lielative Toxicity of Benzol and its 
Higher Homoloques 


In view of the grave hazards in- 
volved in the industrial use of benzol 
we next proceeded to an experimental 
study of the relative toxicity of 
certain of the higher homologues of 
enzol in the hope that if such sub- 
‘tances proved less dangerous they 
night be substituted in at least 
ertain industrial processes.° 

The results reported in the literature 


‘Reduction in white cells is the most 
‘portant condition to be noted. 

* This laboratory study was conducted 

Dr. J. J. Batchelor of the Yale School 


of the subject are somewhat conflict- 
ing, probably because of the uncertain 
composition of the materials used by 
certain workers and of the lack of 
clear discrimination between the vari- 
ous types of toxie action produced. 
In general, however, the more careful 
work has suggested that benzol is 
more dangerous than its higher 
homologues. 

Our own investigation was con- 
ducted with adult white rats which 
were kept on a standard diet and 
subjected to preliminary study to 
determine the normal range of varia- 
tion in the blood count of each 
animal. The substances used for our 
tests were four in number: pure 
benzol (boiling point 80°); toluol 
(boiling point 111°); xylol (boiling 
point 139°); and Hiflash naphtha (boil- 
ing point chiefly between 165° and 
185°). The influence of these solvents 
was studied in three different ways: 
by intraperitoneal injection; by sub- 
cutaneous injection; and by inhalation 
in a chamber specially arranged so as 
to make possible a close control of 
the proportion of solvent in the 
atmosphere. 

Intraperitoneal Injection.-—The 
method of intraperitoneal injection 
involves sudden exposure to a rela- 
tively intense effect of the injected 
substance. With benzol, all animals 
receiving as little as 0.5 ¢.c. per kilo- 
gram of body weight showed marked 
symptoms of a definite toxic action 
exerted primarily on the central nery- 
ous system, manifested by tremors, 
twitchings, loss of equilibrium, lack 
of response to stimulation, and ex- 
of Medicine, Research Associate to the Com- 


mittee, 
6 See footnote 2. 
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treme weakness. With doses in excess 
of 1 ¢.e. per kilogram of body weight 
the temperature of the animal dropped 
3° to 8°C. At times paralysis of the 
extremities was practically complete. 
The animals always recovered from 
doses up to 1 e.ec., but 2 ¢.c. per kilo- 
gram of body weight always proved 
fatal. 
that 
neither the white nor the red blood 
cell counts were materially affected. 
with conclusions 
the clinical study of human 
cases which indicate that acute and 
chronic benzol poisoning are quite 
phenomena and that acute 
poisoning, due to 
violent irritation of the nerve centers 
and asphyxiation, fails 
entirely to produce the effect on the 
eell content of the blood which is 
characteristic of chronic poisoning. 
The other three solvents studied— 
xylol, toluol, and Hiflash naphtha 
when injected intraperitoneally, 
showed a wholly different picture. 
Xyvlol up to 0.75 ¢.e., and toluol up 


It is of special interest to note 
In the animals which recovered 


This is in aceord 


from 


distinet 


benzol which is 


consequent 


to 0.75 e.e. per kilogram of body 
weight, produced no symptoms what- 
ever except slight apathy. Hiflash 


naphtha in doses of 0.5 ¢.c. produced 
limpness and paresis and a 
temperature. In 
larger amounts all these three sub- 
deranged equilib- 
rium and weakness, culminating in 
power of and 
ultimately in complete narcosis with 


some 
lowering of body 


stances produced 
loss of movement 
fall in temperature, but the effect in 


the toluol and xylol 
relatively lacking in the symptoms of 


ease of was 


toxie stimulation of the nerve centers 
and was of the nature of a narcosis, 
than of a irritation. 


rather nerve 
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Subcutaneous Injection.—In view of 
the fact that the present study was 
concerned mainly with chronic poison- 
ing, we have laid chief stress upon 
our subcutaneous injections. Here 
doses of 1 e¢.c. per kilogram wey 
injected under the skin of the abdomey 
or back (mixed with equal parts o 
olive oil to decrease local irritatioy 
and delay the rate of absorption. 
Injections were repeated daily for » 
period of four to twenty-two days. 
This mode of treatment leads to 4 
gradual absorption of the injecied 
substance, entirely comparable with 
what occurs in human eases of chronic 
industrial poisoning. 

In the case of benzol it 
obvious constitutional symptoms, in- 
cluding apathy and weakness, loss | 
weight, and twitchings and tremors. 
indicating a toxic effect on the centra! 
nervous system and culminating 
death when the injections were long 
continued. The white blood 
were promptly affected, the red cells 
more slowly, as in human clinica! 
experience, and ultimately white cells 
almost disappeared from the blood 

On the other hand, the animals 
treated by subcutaneous injection 
with toluol, xylol, and Hiflash naphth: 
showed no constitutional symptoms 
whatever, aside from slightly lessened 
activity and slight loss in weight. 
The white cells were not permanently 
affected at all and the red cells suffered 
only a slight and transient reduction. 
The relative effects of the four solvents 
studied are summarized in Table 2 

Inhalation.—¥inally, our inhalation 
experiments brought out the relativ 
effects of the four solvents with eve 


Caused 


cells 


greater clearness. The results are 
summarized in Table 3. 
JI 
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We see from this table that, when proved fatal while 2,440 parts of 


animals were exposed for eighteen to benzol did not. This is due entirely 


TABLE 2.—EFFECT OF INJECTION OF VARIOUS SOLVENTS 
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‘live of the animals treated with xylol received 2 c.c. instead of 1 ¢.c. per day. 








TABLE 3.—EFFECT OF INHALATION OF VARIOUS SOLVENTS 
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benzol 2,449 p.p.m.; toluol 1,600 p.p.m.; xylol 1,600 p.p.m. 


, 


* Benzol 815 and 1,035 p.p.m.; toluol 1,100 and 1,250 p.p.m.; xylol 980 p.p.m.; Hiflash 


’ 
htha 567 p.p.m., 


Henzol 460 p.p.m.; toluol 620 p.p.m.; xylol 620 p.p.m.; Hiflash naphtha 312 p.p.m. 


‘ 


Ai 
; 


venty hours a day for seven days to to the narcotie influence of the sol- 


} 
ry 


ugh concentrations of benzol, toluol, vents in question and is in accord with 


‘ 


ud Xylol, toluol and xylol were more the general fact that narcotic action 
than benzol, since 1,600 parts often increases with added methyl 
milion of the former solvents radicles. On the other hand, toluol 
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and xvlol even in this extreme con- 
centration are almost without effect 
on the central nervous system or on 
the blood forming organs, both of 
which are 
henzol. 

In concentrations of 1,000 parts per 
million or narcotic 
effects of xylol and toluol are practi- 


seriously damaged by 


less, the severe 
cally absent and in such dilution the 


superiority of these substances as 
compared with benzol is most obvious. 
Kven 460 parts of benzol damages the 
blood cell forming organs to such an 
the 


white cells from the blood and causes 


extent as almost to eliminate 


15 per cent. loss in weight; while 
concentrations of 1,000 parts of toluol 
and xy!lol produce only slight effects 
either on cell count or on the weight 
of the animals. 

[t is this latter condition which is 
of importance the practical 
of industry, with 
their relatively high boiling points 
toluol xylol would never be 
present in concentrations of over 
1,Q000 parts except as a result of some 
temporary accident and, if they were, 
their irritant 


from 
standpoint since 


and 


action would serve as 
an immediate and automatically effec- 


tive danger signal. 


(“ONCLUSION 


Our field studies have thus indicated 
that the use of benzol as an industrial 





solvent is attended with health haz- 
ards which can only be avoided by the 
provision of elaborate local exhaus; 
ventilation and by the maintenance 
of a comprehensive system of medica! 
supervision. 

On the other hand, our laboratory 
investigations make it clear that 
certain of the higher homologues of 
benzene, such as toluol, xylol, and 
Hiflash naphtha, are relatively free 
from the special hazards which attend 
the use of itself. These 
substances, in large doses, are even 
more powerful narcotics than benzol, 
but their low volatility and marked 
odors make it highly unlikely that 
they will occur in workroom air in 
sufficient concentration to produce 
effects of this sort. On the 
hand, they are almost wholly lacking 
in those specific destructive effects on 
the nerve tissue and, above all, on the 
blood forming organs so characteristic 
of benzol. Under ordinary conditions 
of use, and in any concentrations in 
which they would be likely to occur 
in workroom air, these 
appear to be relatively harmless. 

We would therefore urge that the 
serious attention of manufacturers now 
using benzol should be given to the 
possibility of substituting one of these 
substances, or other relatively harm- 
less substances, wherever the condl- 
tions of a given manufacturing process 
make it possible to do so. 


benzene 


other 


substances 
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4. DeBlois, 8.B., Director, Safety En- 
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duction, American Engineering Council. 
First edition. Cloth. Pp. xili, 328 with 
appendix and index, and 22 plates. New 
York and London: McGraw-Hill Book 
Co., Ine., 1926. 

The basie principles of safety 
organizations are dealt with at length 
in this new volume by the director of 
the Safety Icngineering Division of 
the National Bureau of Casualty and 
Surety Underwriters. The writer's 
unusual experience in industrial safety 
has provided the volume with an 
outline of proved technic based on 
sound and logical principles. 


The relations of safety to produc- 
tion, plant efficiency, and human 
relations are well presented. Plans 
for the organization and operation of 
the various types of safety committees 
are completely deseribed. A  com- 
plete index of accident report forms, 
of instructions to safety committees, 
of form letters and rating sheets is 
presented in an appendix to the book. 

The book aims to furnish industrial 
executives with information about the 
safety movement and the essential 
principles needed for successful acei- 
dent prevention. As a reference for 
safety engineers it would seem to 
be almost indispensable.—Chas. &. 


Horan. 
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